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Tuesday, February 18, 2014 487aintensity of the Spinach-DFHBI RNA aptamer fluorogen complex hampers its
utility in quantitative live-cell and high-resolution imaging applications. Here
we report that illumination of the Spinach-fluorogen complex induces
photoconversion and subsequently fluorogen dissociation, leading to fast fluo-
rescence decay and fluorogen concentration-dependent recovery. We demon-
strate a low-repetition illumination scheme that enables us to maximize the
potential of the Spinach-DFHBI RNA imaging tag in living cells.
2462-Pos Board B154
Identification and Analysis of the Transcriptional Regulatory Networks
Governing Mechanosensitive Channels in E. coli
Stephanie Barnes1, Daniel Jones1, Nathan Belliveau1, Sushant Sundaresh1,
Justin Kinney2, Rob Phillips1.
1Caltech, Pasadena, CA, USA, 2Cold Spring Harbor Laboratories, Cold
Spring Harbor, NY, USA.
Mechanosensitive (MS) channels are membrane proteins which are gated by
mechanical stress in the cell membrane. Channel opening in response to
mechanical stresses makes it possible for molecules to pass through the mem-
brane, allowing an organism to alleviate solute imbalances which place osmotic
stress on the membrane and can cause cell lysis and death. Two of the seven
known MS channels in E. coli, MscL and MscS, are individually capable of
rescuing these bacteria from sudden changes in osmolarity (osmotic shock).
If MscL andMscS are both sufficient for ensuring survival under osmotic shock
conditions, what is the purpose of the other five MS channels? In the interest of
exploring the physiological roles of the various MS channels, we hypothesize
that understanding how they are regulated will shed light on their function. Spe-
cifically, we investigate the regulatory context of the MS genes by identifying
the regulatory architecture and transcription factors responsible for controlling
MS gene output. We use a method known as "Sort-Seq" to locate transcription
factor binding sites with base pair resolution, and DNA affinity chromatog-
raphy to determine transcription factor identity. Understanding how the MS
genes are regulated will give us clues as to the specific stressors which they
defend the cell against. This work provides a specific case study of a method
which we think will have much broader reach in mapping out regulatory net-
works genome-wide.
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RNA polymerase (RNAP) melts promoter DNA to form transcription-
competent open promoter complex (RPo). Interaction of the RNAP s subunit
with non-template strand bases of a conserved 10 element (consensus
sequence T-12A-11T-10A-9A-8T-7) is an important source of energy-driving
localized promoter melting. Here, we used a fluorometric RNAP molecular
beacon assay to investigate interdependencies of RNAP interactions with
10 element nucleotides. The data reveal a strong cooperation between
RNAP interactions with individual 10 element non-template strand nucleo-
tides and indicate that recognition of the 10 element bases occurs only
when the overall RNAP 10 element binding acquires a free energy below a
ca. 3 kcal/mol threshold. These results may be explained by that the individ-
ual interactions between RNAP and 10 element nucleotides cooperatively
contribute into retaining a characteristic recognizable conformation of the
10 element nt-strand that was revealed in recent structural studies. The
RNAP interaction with T/A-12 base pair was found to be strongly stimulated
by RNAP interactions with other 10 element bases and with promoter spacer
between the 10 and 35 promoter elements. The data also indicate that
unmelted 10 promoter element can impair RNAP interactions with promoter
DNA upstream of the 11 position. We suggest that cooperativity and
threshold effects are important factors guiding the dynamics and selectivity
of transcription initiation complex formation.
2464-Pos Board B156
Super-Resolution Fluorescence Microscopy of Transcription Sites in
E. coli
Ulrike Endesfelder1, Kieran Finan1, Seamus Holden2, Peter R. Cook3,
Achillefs N. Kapanidis3, Mike Heilemann1.
1Frankfurt University, Frankfurt, Germany, 2E´cole Polytechnique Fe´de´rale
de Lausanne, Lausanne, Switzerland, 3Oxford University, Oxford,
United Kingdom.
Bacterial processes have long been thought of to occur in the cytoplasmwithout
further internal organization such as found for eukaryotes. Yet, recent studiesincreasingly reveal that many processes are spatially organized, also including
transcription [1].
As diffraction-limited fluorescence microscopy is unable to resolve the precise
distribution of active RNA polymerases we apply quantitative photoactivation-
localization microscopy (PALM) using the monomeric and bright fluorophore
PAmCherry1 [2, 3].
We show super-resolved mapping of the spatial organization of RNA polymer-
ase in E. coli under different growth conditions, apply various concepts of
quantitative analyzes of the localization microscopy data and discuss the limits
of localization-based super-resolution techniques in assessing biomolecular
structures with high spatiotemporal resolution.
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Transcription initiation involves a series of conformational changes that are
triggered in both RNA polymerase (RNAP) and DNA after recognition of
35,10 elements of promoter DNA by RNAP holoenzyme, consisting of cat-
alytic core and a specificity factor, s. RNA polymerase (RNAP) functions as a
molecular isomerization machine, binding and bending the promoter DNA in
the initial closed complex and using binding free energy to melt 13 bp of
DNA in the active site cleft to form an initial unstable open promoter complex,
which is converted to a final open complex (RPo) (Saecker et al, ’11). Promoter
melting is thought to commence upon flipping of 11A of the non-template
strand out of the DNA helix (Schroeder et al, ’09) but several questions remain
open. After recruitment of RNAP to promoter DNA, what conformational
changes occur in the complex to put the downstream DNA duplex in the cleft?
When and how is the DNA bent and wrapped around RNAP? When does
the 11A element rotate vis-a`-vis wrapping? To answer these questions, we
are characterizing early intermediates at the lPr promoter using equilibrium
and kinetic bulk fluorescence measurements. Fluorescence Resonance Energy
Transfer (FRET) experiments monitor the extent of wrapping whereas stopped-
flow ‘‘Beacon’’ assays provide information about 11A base-flipping and
opening of 10 region (Mekler et al, ’11). FRET experiments show that pro-
moter DNA is wrapped around RNAP in the advanced closed complex and
that wrapping persists in open complexes. The wrapped open complex is found
to be transcriptionally competent. Real-time stopped-flow kinetic experiments
are in progress to determine the sequence of steps in which upstream and down-
stream duplex promoter DNA are bent toward and wrapped around RNAP to
put the start site region in the cleft and open it.
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DNA supercoiling is a fundamental property of chromosomal DNA in living
cells and greatly affects the efficiency of many essential DNA transactions.
For instance, the prokaryotic leu-500 promoter, an inactive promoter in bacte-
ria, and can be activated by supercoiling in the topA strains. Although DNA
supercoiling around the promoter region was considered playing an essential
role in the activation of the leu-500 promoter, whether the global or the local-
ized supercoiling carries out the activation is not clear. In this study, we devel-
oped two in vivo systems to study how transient, dynamic DNA supercoiling
(TDDS) activates the leu-500 promoter. The first system consists of E. coli
topA strain VS111(DE3) and a linear plasmid. The topA strains provided an
IPTG-inducible T7 RNA polymerase for TDDS and also does not have a func-
tional topoisomerase I to remove the (-) supercoiled domain. In this case, the (-)
supercoiled domain should exist for longer time. The linear plasmid cannot be
globally supercoiled, which provided an excellent template to study TDDS
488a Tuesday, February 18, 2014in vivo. We also cloned a luc gene (to express firefly luciferase) under the con-
trol of the leu-500 promoter and a lacZ gene under the control of the T7
promoter. Using this unique system, we discovered that TDDS was able to sig-
nificantly activate the leu-500 promoter. In the second in vivo system,we studied
how TDDS activated the lue-500 promoter on the chromosome. Utilizing a
transposon Tn7-based method, the divergently coupled Pleu-500 and PT7A1/O4
promoters were inserted to the attTn7 site of the chromosome of MG1655
and VS111. Using these two E. coli strains, we found that TDDS was able to
activate Pleu-500 ~13- and 7-fold in VS111 and MG1655, respectively. Our
studies suggest that TDDS has important biological functions in vivo.
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A hexanucleotide repeat expansion (HRE), GGGGCC, in the C9orf72 gene is
the most common genetic cause of the neurodegenerative diseases amyotrophic
lateral sclerosis (ALS) and frontotemporal dementia (FTD). The pathogenic
mechanisms related to the repeat expansion are unknown. Here we identify
a novel mechanism that leads to impaired transcription and ribonucleoprotein
recognition in C9orf72 HRE carriers. The HRE impedes transcription and
generates abortive RNA transcripts, which are aggravated by the formation
of G-quadruplexes and RNA:DNA hybrids, R-loops. The accumulated RNA
of the C9orf72 HRE binds to specific proteins in an HRE-conformation-
dependent manner. One such protein nucleolin, which preferentially recognizes
the G-quadruplexes on the RNA of the C9orf72 HRE, significantly mislocalizes
in patient cells including induced pluripotent stem (iPS) cell-derived motor
neurons, which suggests in-
creased nucleolar stress.
These findings provide a
pathogenic mechanism for
the C9orf72 HRE, including
loss of transcriptional prod-
ucts and gain of RNA toxic
properties. We propose that
the unique nucleic acid
structural motifs observed
on the C9orf72 HRE are
the fundamental cause of
the age-dependent neurode-
generative diseases.2468-Pos Board B160
Mechanical Strain Generated by RNA Polymerase during Transcription
Initiation can Drive Structural Changes in DNA Topology that Relieve
Repression
Troy A. Lionberger1,2, Ankit Vahia3, Andrew D. Hirsh2, Maryna Taranova4,
Ioan Andricioaei4, Noel C. Perkins2, Edgar Meyho¨fer2, Craig T. Martin3.
1University of California, Berkeley, Berkeley, CA, USA, 2University of
Michigan, Ann Arbor, MI, USA, 3University of Massachusetts, Amherst,
MA, USA, 4University of California, Irvine, Irvine, CA, USA.
DNA in cells is often topologically closed, and in some cases, tightly looped by
proteins typically associated with transcriptional repression. During transcrip-
tion initiation, RNA polymerase (RNAP) is challenged to open duplex DNA,
wherein RNAP generates torque that consequently overtwists DNA flanking
the melted promoter. As initiation proceeds, the transcription bubble expands
as RNAP synthesizes downstream RNA while maintaining upstream DNA con-
tacts. We hypothesized that the mechanical strain imparted to DNA during initi-
ation would repress transcription from DNA templates that restrict the relief of
torsional stress. To test our hypothesis, we constructed circular DNA templates
that are 100 to 108 bp in size (i.e., each initially twisted to various degrees) and
quantified transcription initiation by the bacteriophage T7 RNAP. We find that
transcriptional repression during initiation is dependent on the sign and magni-
tude of initial twist within the DNA templates. Surprisingly, however, we
observe that for the most overtwisted templates, repression is relieved at posi-
tions beyond the promoter that are dependent on the initial DNA twist. To inter-
pret these results, we used elastic rod and molecular dynamics simulations to
predict the structures of both the RNAP and the circular DNA template during
initiation. Our modeling studies confirm that RNAP is capable of overtwisting
the circular DNA template to the point of buckling from a planar into a super-
coiled conformation. Further analysis reveals that initial DNA twist determines
at what position along the template supercoiling will occur during initiation and
that adopting a supercoiled structure substantially relieves the torque encoun-tered by the RNAP. Our results demonstrate that repression of RNAP during
initiation is determined not only by the initial mechanics of the DNA template,
but also by the torque generated by RNAP itself.
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The crystal structure of RNA polymerase open complex (RPo) indicates that
RNAP core interacts with the transcription-bubble nontemplate strand segment
corresponding to positions 4 to þ2 in which we designated it as core recog-
nition element, CRE. In this study, we sought to investigate the sequence deter-
minants, the recognition mechanism and the functional roles of CRE.
To determine whether RNAP-CRE interactions are sequence-specific, we con-
structed all possible nucleotide substitutions at each CRE position, and assessed
effects on RNAP-DNA interaction in equilibrium binding experiments and
high-salt-induced-dissociation off-rate experiments. We conclude that RNAP
CRE interactions are specific and that the consensus CRE is t/g-n-n-n-T-G.
To identify individual RNAP amino acids that mediate specificity at CRE
positionsþ2 andþ1, we constructed single Ala substitutions of RNAP residues
that contact CRE positions þ2 and þ1, and assessed effects on RNAP DNA
interactions with promoter derivatives containing all possible nucleotide substi-
tutions at CRE positions þ2 and þ1. We conclude that bR151, bD446, or
bR451 mediate specificity at CRE positionþ2, and bW183mediates specificity
at CRE position þ1.
To define the structural basis of specificity at CRE positions þ1 and þ2, we
determined crystal structures of RPo derivatives containing all possible nucle-
otide substitutions at CRE positionsþ2 andþ1. We conclude that specificity at
CRE positions þ2 and þ1 manifests itself not only in quantitative differences
in binding thermodynamics and kinetics, but also in qualitative differences in
structure.
Our results establish that RNAP-CRE interactions are sequence specific. We
propose that RNAP-CRE interactions contribute to the sequence specificity
of promoter binding, promoter unwinding, promoter scrunching, and promoter
escape during transcription initiation and also contribute to the sequence spec-
ificity of pausing during transcription elongation.
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At the lPR promoter, formation of initiation-competent open complexes in-
volves a series of conformational changes in both RNA polymerase (RNAP)
and promoter DNA after initial specific binding. The first set of these changes
(described by equilibrium constant K1) bend the downstream duplex DNA into
the cleft of RNAP. These reversible steps are followed by the rate-determining
step (rate constant k2) in which the DNA is opened in the cleft using binding
free energy. This initial open complex is unstable (lifetime ~1 s) but is greatly
stabilized by irreversible conformational changes (quantified by equilibrium
constant K3) that reposition the nontemplate strand in the cleft and assemble
downstream mobile elements (DME) of RNAP on the downstream duplex
DNA, forming RPo (lifetime ~1 day).
In all three phases of this mechanism, large conformational changes in RNAP
and/or promoter DNA take place, and allosteric communication occurs over
large distances. However, the details are not yet understood for lPR or any
other promoter. Are these mechanistic steps universal or promoter-specific?
Which steps are the most important targets of regulation by promoter sequence,
transcription factors, ligands, and solutes? What determines the efficiency of
productive or abortive transcription?
To address these questions, we have determined the effects of sequence and
length variants of the lPR and T7A1 promoters and several RNAP variants on
the kinetics of steps of the initiation mechanism. Taken together, our kinetic
data suggest that the early and late steps of the mechanism are the most variable.
We therefore propose that these steps are the targets ofmost cis- and trans-acting
regulatory factors, while the opening/closing step is relatively unregulated. This
is analogous to many enzyme mechanisms in which most regulation of catalytic
velocity occurs in the early and late steps rather than the catalytic step itself.
